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RESIDUES IN FOOD AND FEED 


Residues of Mirex and Certain Other 
Chlorinated Hydrocarbon Insecticides in Beef Fat—1971° 


J. H. Ford, J. C. Hawthorne, and G. P. Markin 


ABSTRACT 


Samples of fat from beef cattle were obtained in areas of 
Mississippi and Georgia where the insecticide mirex had 
been used to control the imported fire ant. Mirex residues 
were detected in 67 of the 77 fat samples analyzed with 
levels ranging from 0.001 (lowest level of detection) to 
0.125 ppm, with an average residue level of 0.025 ppm. 
Sixty-nine samples of fat jrom beef cattle from nonmirex 
treated areas were also analyzed; none contained mirex. All 
fat samples contained residues of DDT. 


Introduction 


Mirex in a bait form is at present the recommended 
method of controlling the imported fire ant, Solenopsis 
invicta (Buren) (2), which is a serious agricultural pest 
in nine southeastern States (/). Since mirex is a very 
stable chlorinated hydrocarbon insecticide (4) capable of 
being stored in fat, cattle grazing on treated pastures 
would possibly accumulate residues of this insecticide. 
This study was undertaken by the U. S. Department of 
Agriculture as part of a series of studies to determine 
the environmental distribution of mirex following ap- 
plication. 


Sample Collection 
The samples of beef fat for this study were taken from 


cattle from two areas, heavily infested with fire ants, 


1U. S. Department of Agriculture, Animal and Plant Health Inspection 
Service, Plant Protection and Quarantine Programs, Enviromental 
Quality Laboratory, P. O. Box 989, Gulfport, Miss. 39501. 
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which were known from USDA records to have received 
blanket applications of mirex at least twice in the past 
3 years. The areas included the northeastern Mississippi 
region of Oktibbeha, Prentiss, Lee, Lowndes, and Ita- 
wamba Counties, and central Georgia between Macon 
and Tifton. USDA inspectors collected information on 
the specific animals from which samples were collected 
and the treatment history of the pertinent areas. 


Since the normal method of residue analysis for meats 
is to utilize the fat, State meat inspectors were requested 
to collect 1,000-g samples of subcutaneous fat from five 
different locations on the freshly-dressed carcass. These 
five samples were combined into a single composite 
sample for the animal (1,000 g), wrapped in aluminum 
foil, and frozen; 4% kg of this composite sampie was 
sent to the Environmental Monitoring Laboratory in 
Gulfport, Miss., for processing. Since this program was 
conducted in cooperation with the respective State De- 
partments of Agriculture, a /% kg of each sample was 
also sent to the respective State laboratory for replicate 
analysis. 


Samples were also obtained in a similar manner from 
cattle in check areas outside the region where mirex had 
been used. The data on individual animals, however, 
were not as complete. Verification that the animal had 
come from outside the treated area was obtained from 
the State meat inspector. 
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Analytical Procedures 


METHOD OF EXTRACTION 

Twenty grams of thoroughly mixed rendered fat was 
placed in a 1-qt canning jar containing 100 ml of 
distilled-in-glass isopropanol. This mixture was then 
blended for 2-3 minutes on a Lourdes blendor assembly; 
300 ml of distilled-in-glass hexane was then added to 
the blended mixture with small portions being used to 
rinse the blendor blades. The jar was sealed with a 
teflon-lined cap and rotated on a concentric rotator for 
2 hours. The extract was filtered through glass wool 
which was prewashed with distilled-in-glass acetone 
followed by distilled-in-glass hexane. A 300-ml aliquot 
of the filtered extract (representing 15 g of sample) was 
placed in a 1-liter separatory funnel and shaken for | 
or 2 minutes with 250 ml of distilled water. The layers 
were allowed to separate, and the lower layer containing 
water and isopropanol was discarded. A total of three 
successive washings with distilled water was utilized, 
discarding the lower water layer each time. 


The remaining hexane layer was then filtered through a 
filter tube (42 mm O.D. x 160 mm) containing a glass 
wool plug and anhydrous Na.SO, and the dried hexane 
placed in a 500-ml 24/40 S-jointed Erlenmeyer flask. 
The filter tube was washed with several portions of 
distilled-in-glass hexane and these washings combined 
with the hexane extract. A three-ball Snyder column was 
then attached, and the sample concentrated to 25 ml on 
an explosion-proof hot plate. The concentrate was 
quantitatively transferred to a 50-ml graduate cylinder 
and the volume adjusted to 45 ml. 


H,SO, CLEANUP 

A 15-ml aliquot (representing 5 g of sample) was 
placed in a 125-ml separatory funnel and 35 ml of 
distilled-in-glass hexane added; 10 ml of concentrated 
H.SO, was added to the sample, and the mixture was 
first swirled gently and then shaken and the pressure 
released. The layers were allowed to separate, and the 
lower acid layer was discarded. This acid wash was 
repeated, the acid layer again discarded, and the sample 
then washed three successive times with distilled water, 
discarding the lower water layer each time. The hexane 
sample was next filtered again through a filter tube con- 
taining anhydrous Na.SO, and prewashed glass wool 


into a 250-ml 24/40 S-jointed Erlenmeyer flask. The , 
filter tube was washed with several small portions of ; 


distilled-in-glass hexane and the washings combined 
with the sample. A Snyder column was again employed, 
and the sample concentrated to about 10 ml on the hot 
plate. 


PREPARATION OF THE FLORISIL COLUMN 
The chromatographic column employed consisted of a 
125-ml reservoir attached to an 11- x 150-mm glass tube, 
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a removable teflon stopcock, and a removable glass tip. 
A small piece of hexane-washed glass wool was placed 
in the bottom of the column and 1 inch of anhydrous 
Na,SO, added; 18 g of 60/120 mesh PR grade un- 
activated Florisil was placed in the column with gentle 
tapping to insure even packing, and another 1-inch layer 
of Na,SO, was placed atop the Florisil. The column was 
then prewashed with 100 ml of distilled-in-glass methy- 
lene chloride and allowed to drain to the top of the 
upper layer of Na,SO,. The washing was then repeated 
with 100 ml of distilled-in-glass hexane. The column 
was never allowed to go dry. The sample extract was 
then quantitatively transferred to the Florisil column. 
When the extract drained to the upper layer of Na2,SO,, 
100 ml of a 5% by volume mixture of methylene 
chloride in hexane was added to the column and the 
sample collected until the eluant level reached the upper 
Na.SO, level. This elution was labeled fraction one. A 
second fraction was collected using 100 ml of distilled- 
in-glass methylene chloride as the eluant. The second 
fraction was collected until the column ran dry. 


Mirex, heptachlor, p,p’-DDT and its metabolites, and 
sometimes heptachlor epoxide appeared in the first 
fraction; the second fraction was collected because it 
also sometimes contains heptachlor epoxide. To the 
collection flasks were added 1 mi of a 0.01% Nujol 
solution in hexane and three or four glass beads. The 
Snyder column and hot plate were again employed, and 
the sample. concentrated to about 5 ml. To the second 
fraction, 50 ml of hexane was added and again con- 
centrated to about 5 ml in order to remove all traces 
of methylene chloride. Five milliliters of distilled-in-glass 
hexane was poured through the top of the Snyder 
column and collected in the flask. This was done to 
rinse any volatilized pesticide from the column. The 
sample was then quantitatively transferred to a 15-ml 
graduated centrifuge tube and placed into a water bath 
maintained at 40° C. A stream of air was directed into 
the centrifuge tube until the volume was reduced to 
2.5 ml. 


GAS CHROMATOGRAPHIC ANALYSIS 

Ten microliters of this sample (representing 20 mg of 
the original fat sample) were normally injected on the 
instrument. Two different column types, 6 feet in length 
and % inch O.D., were utilized as a confirmatory pro- 
cedure: a mixed column of 1.5% OV-17 and 1.95% 
QF-1 on 100/120 mesh Gas Chrom Q and a 3% 
DC-200 column on 100/120 mesh Gas Chrom Q. The 
mixed column was used in a MicroTek Model MT220; 
the oven temperature was 200°C, the injection port 
temperature 250°C, and the detector temperature 
210°C. The flow rate was 80 ml/min of a nitrogen 
carrier gas. The DC-200 column was used in a Hewlett- 
Packard Model 402; the oven temperature was 175°C, 
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the injection port temperature 245°C, and the detector 
temperature 205°C. The flow rate was 100 ml/min of 
5% methane-95% argon carrier gas. 


Average recovery values of 90% for the fat sample 
were determined by fortification with composite pesticide 
standards. All data were corrected for percent recovery. 


The presence of polychlorinated biphenyls (PCB's) 
(Aroclor 1260®, in particular) in some of the samples 
interfered with the mirex analysis on both GC columns. 
In these samples the PCB’s were separated using a 
modification (6) of the Armour-Burke method (7). 


Results and Discussion 


Mirex and certain other chlorinated pesticide residues 
detected in beef fat from the treated areas are reported 
in Table 1. Also presented in this table are residues of 
other tissues (fatty tissue, kidney, liver, and lean por- 
tion) from a few specimens. These analyses from our 
laboratory at Gulfport generally agreed within 10% 
with those from the State laboratories of Mississippi and 
Georgia. Residues of mirex were found in 88% of the 
samples from this area with levels ranging from 0.001 
ppm (our lowest level of detection) to 0.125 ppm, with 
an average value of 0.026 ppm. Only one sample, 0.125 
ppm, was in excess of the established tolerance level of 
0.1 ppm for mirex in the fat of the beef cattle (4). 
Analysis of the other tissues showed no residues in the 
lean portions and very small residues in the fatty tissues 
from the same animals. 


Because mirex has been used previously as a fire ant re- 
tardant under the name Dechloran® (5), it was decided 
to examine samples collected from untreated areas, both 
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in the Southeast and from other areas. These results 
are reported in Table 2. The absence of mirex in 
samples from untreated areas, while not giving absolute 
proof that the residues found in samples from the treated 
areas were from the insecticide application, does strongly 
indicate that this is the case. It does show that prior 
uses of this compound have not made it ubiquitous in 
the Nation’s environment. 


In general, we have concluded that residues can be 
expected in beef fat of animals in mirex-treated areas 
following the use of mirex, but that application in the 
prescribed manner will keep these residue levels below 
the tolerance level. 


LITERATURE CITED 
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TABLE 1.—Residues of mirex and certain other chlorinated hydrocarbon insecticides in fat from beef cattle in mirex- 
treated areas—1970 





Tyre oF RESIDUES IN PPM 





CATTLE | Tora DDT | 





MISSISSIPPI 





Biack Angus heifer 
Spotted Jersey calf 
Artesia Angus-Holstein cross 
Artesia Angus-Holstein cross 
Artesia Hereford heifer 
Columbus Angus-Jersey cross 
Columbus Angus-Hereford cross 
Columbus Angus-Jersey cross 
Columbus Whiteface heifer 
Columbus Whiteface steer 
Columbus Whiteface heifer 
Columbus Angus-Jersey cross 
Columbus Whiteface steer 
Starkville Jersey bull calf 

fatty tissue 

kidney 

liver 

Guernsey bull calf 
fatty tissue 

kidney 

liver 

lean portion 

Jersey bull calf 

fatty tissue 

kidney 

liver 

lean muscle 
Hereford-Jersey cross 


Hereford 








Alma (Bacon Co.) 

Alma (Bacon Co.) 

Nicholls (Coffee Co.) 
Waycross (Ware Co.) 
Dublin (Laurens Co.) 
Dudley (Laurens Co.) 
Dublin (Laurens Co.) 
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TABLE 1.—Residues of mirex and certain other chlorinated hydrocarbon insecticides in fat from beef cattle in mirex- 
treated areas—1970—Continued 





Tyre oF RESIDUES IN PPM 
CaTTLE } TotaL DDT | OTHERS 











GEORGIA—Continued 





Dublin (Laurens Co.) Heifer 
Glenwood (Laurens Co.) Steer 
Forsyth (Monroe Co.) Dairy cow 
Forsyth (Monroe Co.) Dairy cow 
Patterson (Pierce Co.) Steer 
Screven (Wayne Co.) Heifer 
Waycross (Ware Co.) Steer 
Waycross (Ware Co.) Heifer 
Hoboken (Brantley Co.) Heifer 
Guyton (Effingham Co.) 
Guyton (Effingham Co.) 
Guyton (Effingham Co.) 
Guyton (Effingham Co.) 
Savannah (Chatham Co.) 
Hortense (Brantley Co.) 
Statesboro (Bulloch Co.) 
Statesboro (Bulloch Co.) 
Statesboro (Bulloch Co.) 
Statesboro (Bulloch Co.) 
Millwood (Ware Co.) 

Alma (Bacon Co.) 

Cordele (Crisp Co.) 
Cordele (Crisp Co.) 

Vienna (Crisp Co.) 
Rochelle (Wilcox Co.) 
Statesboro (Bulloch Co.) 
Statesboro (Bulloch Co.) 
Statesboro (Bulloch Co.) 
Statesboro (Bulloch Co.) 
Statesboro (Bulloch Co.) 
Statesboro (Bulloch Co.) 
Guyton (Effingham Co.) 
Brooklet (Bulloch Co.) 
Cordele (Crisp Co.) 
Pincora (Chatham Co.) 
Savannah (Chatham Co.) 
Pincora (Chatham Co.) 
Statesboro (Bulloch Co.) 
Atlanta (Fulton & DeKalb Co.) 
Guyton (Effingham Co.) 
Savannah (Chatham Co.) 
Pincora (Chatham Co.) 
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TABLE 1.—Residues of mirex and certain other chlorinated hydrocarbon insecticides in fat from beef cattle in mirex- 
treated areas—1970—Continued 





RESIDUES IN PPM 


TYPE oF 
CATTLE Mirex | Tora, DDT | OTHERS 

















GEORGIA—Continued 





Statesboro (Bulloch Co.) Steer 
Forsyth (Monroe Co.) Cow 
Guyton (Effingham Co.) Steer 
Gray (Jones Co.) Cow 
Haddock (Jones Co.) Cow 
Snarr (Monroe Co.) Cow 




















NOTE: — = not detected. 
1 Aroclor 1254®. 

2 Aroclor 12608. 

8 Technical chlordane. 





TABLE 2.—Residues of mirex and certain other chlorinated hydrocarbon insecticides in fat from beef cattle in areas out- 
side the mirex-treated region—1970 





Typs oF RESIDUES IN PPM 


CATTLE Tota, DDT 








Iowa 0.02 


Iowa 


Iowa 0.06 


Iowa 
Iowa aes 
Iowa 
Nebraska 
Nebraska 
Illinois 
Nebraska 


Mississippi 
Batesville 
Marks 
Batesville 
Crowder 
Pope 
Como 
Marks 
Crowder 
Belen 
Charleston 
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TABLE 2.—Residues of mirex and certain other chlorinated hydrocarbon insecticides in fat from beef cattle in areas out- 
side the mirex-treated region—1970—Continued 





TYPE oF RESIDUES IN PPM 
CATTLE Tora DDT 








Tennessee 
Union City 
Dyersburg 
Union City 
Union City 
Union City 
Dyersburg 
Dyersburg 
Dyersburg 
Lynnville 
Lynnville 
Lynnville 
Lynnville 
Lynnville 


Georgia 

01029 Washington Co. 
01030 
01031 
01032 
01033 
01034 
01035 
01036 
01037 Eatonton 
01038 Eatonton 
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TABLE 2.—Residues of mirex and certain other chlorinated hydrocarbon insecticides in fat from beef cattle in areas out- 
side the mirex-treated region—1970—Continued 





ian Teese RESIDUES IN PPM 
LocaTION CATTLE 





TotaL DDT 





North Carolina 
Mt. Olive 
Mt. Olive 
Beaulaville 
Beaulaville 
Kenansville 
Burgaw 
Burgaw 
Willand 
Wallace 

01048 Wallace 




















NOTE: — = not detected. 
1 Blank — type of cattle unknown. 
2 Aroclor 1254®. 
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Residues of PCB’s and PCT’s in Canadian 
and Imported European Cheeses, Canada—1972 


David C. Villeneuve, Lincoln M. Reynolds,’ and William E. J. Phillips’ 


ABSTRACT 


Twenty Canadian and twenty imported European cheese 
samples were analyzed for PCB and PCT residues. The 
average PCB residue, determined on a whole-weight basis, 
in Canadian cheese was 0.042 ppm (range 0.01-0.27 ppm), 
while the average residue in imported cheese was 0.043 ppm 
(range 0.02-0.08 ppm). None of the cheese samples contained 
PCT residues at or above the detectable limit of the method 
(0.005 ppm). 


Introduction 


During 1972 an extensive survey was carried out to 
determine the levels of polychlorinated biphenyls 
(PCB’s) and polychlorinated terphenyls (PCT’s) in food 
packaging materials (J). Although cheese. products were 
included in this survey, only a limited number of samples 
were obtained, and all were of the dry variety. Since 
none of these samples were packaged in material that 
contained = 10 ppm of PCB’s or PCT’s, no cheese 
sample was actually analyzed for PCB’s or PCT's. The 
present survey, carried out in 1972, was designed to 
determine the PCB and PCT content of cheeses, both 
domestic and imported, that are available to the Ca- 
nadian consumer. 


1 Food Research Laboratories, Health Protection Branch, Department 
of National Health and Welfare, Ottawa, Canada. 
2. Ontario Research Foundation, Sheridan Park, Ontario. 
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Sampling Procedures 


Samples of cheese representing 31 different companies 
were obtained by Health Protection Branch Inspectors 
in five centers across Canada: the Eastern region, repre- 
senting the Maritime Provinces, and the Quebec, On- 
tario, Manitoba, and Vancouver regions. Four domestic 
cheeses and four imported cheeses were selected from 
each region and were forwarded to the Ontario Research 
Foundation for analysis. The types of cheeses included 
the following: Cheddar, Mozzarella, Caciocavallo, Ri- 
cotta, Blue, Gouda, Fynbo, Tilsit, Havarti, Kasseri, 
Camembert, Semisoft, Lancashire, Butter, Esrom, Am- 
brosia, and Noekkelost. 


Analytical Procedures 


Analyses of the cheese samples for PCB’s and PCT’s 
were carried out as follows: The cheese sample (1-2 Ib) 
was mascerated, and a 10-g representative aliquot, two 
tablespoons of anhydrous sodium sulfate, and 75 ml of 
50% benzene in acetone were blended in a Sorval® 
mixer for 1 minute. The extract was filtered through a 
jacketed funnel with hot water being circulated to keep 
the fat in solution. The blender jar and filtering funnel 
were rinsed with benzene/acetone until 150 ml was 
collected. This solution was chilled in a dry ice/ 
methanol bath for 3 minutes and the flocculent precipi- 
tate obtained was filtered off through sodium sulfate 
rinsing with 50 ml of the benzene/ acetone solution. The 
filtrate was then concentrated and put through a Florisil 
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cleanup and then subjected to a “PCB split” (2). The 
GLC parameters for the determination of PCB and PCT 
residues are described elsewhere (J). Recoveries for 
PCB’s and PCT’s were 90% and 85%, respectively; 
results were not corrected for percent recovery. The 
limit of detection for both PCB’s and PCT’s was 0.005 
ppm. Because low levels of PCB’s were found, confirma- 
tion was not carried out. 


Results and Discussion 


The results obtained for Canadian cheese samples are 
shown in Table 1. Only one sample contained PCB’s 
above 0.1 ppm, and the average content was 0.042 ppm 
(whole-weight basis). No cheese sample contained PCT’s 
at or above the detectable limit of the method (0.005 


TABLE 1.—Results of analyses for PCB’s and PCT’s in 
Canadian cheese samples 


ppm). The results obtained for imported cheese samples 
are shown in Table 2. No imported cheese sample con- 
tained PCB’s above 0.1 ppm (average = 0.043 ppm) 
and as with the Canadian cheese samples, none con- 
tained any detectable amount of PCT’s. 


LITERATURE CITED 


(1) Villeneuve, D. C., L. M. Reynolds, G. H. Thomas, and 
W. E. J. Phillips. 1973. Polychlorinated biphenyls and 
polychlorinated terphenyls in Canadian food packaging 
materials. J. Assoc. Off. Anal. Chem. 56(4): 999-1001. 

(2) Reynolds, L. M. 1971. Pesticide residue analysis in the 
presence of polychlorobiphenyls (PCB’s). Res. Rev. 34:27- 
57. 


TABLE 2.—Results of analyses for PCB’s and PCT’s in 
imported European cheese samples 





RESIDUES IN PPM, WHOLE-WEIGHT BASIS 





SAMPLE SOURCE PCB’s PCT’s 


RESIDUES IN PPM, WHOLE-WEIGHT BAsIs 
PCB’s PCT’s 





COUNTRY OF ORIGIN 





Montreal, Quebec 0.06 


Winnipeg, Manitoba 


Vancouver, British Columbia 


' 
Charlottetown, Prince Edward Island 


Saint John, New Brunswick 0.04 
Halifax, Nova Scotia 0.05 
Toronto, Ontario 0.03 
0.04 
0.01 
0.03 








Denmark 0.03 
0.04 
0.05 
0.03 
0.03 
0.03 
0.02 
0.05 
0.04 
0.08 
0.02 
0.06 
0.03 
0.02 
0.05 
0.07 
Sweden 0.04 
Norway 0.05 
0.05 
Switzerland 0.06 











NOTE: — = Not detected at or above the limit of the method 
(0.005 ppm). 
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NOTE: —= Not detected at or above the limit of the method 
(0.005 ppm). 
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RESIDUES IN FISH, WILDLIFE, 
AND ESTUARIES 


Organochlorine Residues in Wild Moose, Idaho—1972' 


W. W. Benson, Michael Watson, and Joe Wyllie 


ABSTRACT 


In 1972, samples of adipose tissue from 14 moose, Alces 
alces shirasi, from the Targhee National Forest in eastern 
Idaho were analyzed by gas-liquid chromatography for 
organochlorine residues. Residues detected and respective 
mean levels for each were: p,p'-DDT, 52.3 ppb; p,p’-DDE, 
28.9 ppb; p,p’-DDD, 53.0 ppb; a-BHC, 77.5 ppb; and diel- 
drin, 5.0 ppb. The presence of significant BHC levels in 
these animals probably reflects the prior use of BHC within 
the forest for control of pine bark beetle infestation. 


Introduction 


Pesticide residues and other contaminants continue to 
be found in many forms of wildlife. Although tissues 
from most of the wild North American ungulates of the 
deer family have been examined in detail for pesticide 
residue levels (/-6), there is little information regarding 
the extent of these contaminants in moose. To our 
knowledge, the only other report of pesticides in these 
animals is that of Walker et al. in 1965 (2) in which 
adipose tissues from three bull moose taken in central 
Idaho in 1962 were analyzed for DDT residues. 


This study reports organochlorine residues in the adi- 
pose tissue of 14 wild moose, Alces alces shirasi, taken 
during the 1972 hunting season in the Targhee National 
Forest in eastern Idaho. Several areas of the forest are 
infested with the mountain pine bark beetle, Dendroc- 
tonus ponderosii, and were sprayed from 1963 through 


1 From the Idaho Community Study on Pesticides, Idaho Department 
of Environmental and Community Services, Statehouse, Boise, Idaho 
83702. 
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1970 to control the infestation. This study was under- 
taken, as part of our wildlife monitoring program, in 
order to determine current body burdens of organochlo- 
rines in moose that may have resulted following the vari- 
ous spraying episodes. 


Sampling and Analytical Procedures 


Moose in Idaho are a protected species, occurring only 
in limited areas. They are hunted only on a strictly 
controlled basis by means of special permits issued 
each fall by the Idaho Department of Fish and Game; 
in 1972, 2,923 hunters applied for the 120 available 
permits (1973, J. Graben, Idaho Dept. of Fish and 
Game, personal communication). Thus, sampling tech- 
niques were dependent on and limited to these circum- 
stances, and a more statistically desirable sampling pro- 
cedure was not possible. 


Although moose flesh is esteemed as table fare, they are 
primarily a trophy species; consequently, the large, ant- 
lered males are usually the animal of choice. To facili- 
tate proper game management, all successful hunters in 
Idaho are required to have their big game checked by 
the local conservation officer. Through the cooperation 
of the Idaho Fish and Game Department, samples of 
subcutaneous adipose tissue were obtained from 12 male 
and 2 female adult moose at checking stations in hunt- 
ing areas 60, 61, and 62 as established by the Depart- 
ment of Fish and Game. The kill locations were all 
within a 25-mile radius of one another and were almost 
entirely within the boundaries of the Targhee National 
Forest in Fremont County, Idaho. Tissues were col- 
lected during October 1972, transported immediately to 
the Idaho Community Study on Pesticides Laboratory 
in Boise, and frozen at —4°C until analyzed in De- 
cember 1972. 
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Five-gram portions of each adipose tissue sample were 
extracted with petroleum ether and partitioned with 
acetonitrile according to the basic method of de Faubert 
Maunder et al. (7). Column cleanup on Florisil followed 
the procedure of Mills et al. (8, 9). Analysis was by 
means of a MicroTek 220 gas chromatograph, equipped 
with two differing columns and tritium foil electron 
capture detectors. This dual column technique was used 
in order to provide a reliable means of confirmatory 
analysis. In the case of a-BHC residues, all determina- 
tions were subjected to additional gas-chromatographic 
confirmation following TLC migration. 


4% SE-30/6% QF-1 on 80/100 mesh 
Chromosorb W, DCMS 

1.5% OV-17/1.95% QF-1 on 100/120 
mesh Chromosorb W, Ss 


Columns: 


200° C 
220° C 
205° C 


Columns 
Injection chamber 
Detector 


Temperatures: 
Carrier gas: Nitrogen 


On SE-30/QF-1 column 
On OV-17/QF-1 column 


90 ml/min 
70 ml/min 


Carrier gas flow: 


This procedure, used extensively in our laboratory for 
several years, is easily capable of detecting pesticide 
residues in a 5-g sample at the parts per trillion (ppt) 
level. For convenience, however, any pesticide levels 
obviously less than one part per billion (ppb) were con- 
sidered negative. Percent recovery ranged from 82% 
to 100% and was based on the addition, prior to ex- 
traction, of a known amount of aldrin (Octalene®) to 
each sample as an internal standard. 


Results and Discussion 


The pesticide residues detected in the moose adipose 
samples are shown in Table 1; no_ polychlorinated 
biphenyls (PCB’s) were noted in any of the samples 
tested. It is worthy of note that all residue levels de- 
tected are well below the minimum EPA tolerance 
levels for beef fat. P,p’-DDT and its metabolite p,p’- 
DDE were found in all 14 animals tested. P,p’-DDD 
was detected in only two samples. All but one of the 
moose had higher levels of p,p’-DDT than p,p’-DDE 
and the mean level for DDT (52.3 + 7.0 ppb) was 
significantly higher than the mean DDE level (28.9 + 
5.7 ppb). This is consistent with previous findings in 
other wild members of the deer family (/-6). However, 
it is the reverse of the situation normally found in 
humans, in which DDE residues are usually considerably 
higher than are DDT levels (/0). In our area, this trend 
has been well documented by recent large-scale monitor- 
ing of human tissues in both Idaho (//, 12) and Utah 
(13). It is possible that the different mode of digestion 
and intestinal flora of these wild ruminants are re- 
sponsible for this interesting variance. 
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TABLE 1.—Summary of organochlorine residues detected 
in moose adipose tissue, Idaho—1972 





RESIDUES IN PPB 
p,p’-DDT | p.p’-DDE| p,p’-DDD | a-BHC 








19 20 8 —_ 
131 98 98 _ 
44 26 _ 115 
33 19 33 
46 19 57 
47 20 56 
47 26 48 
56 32 64 
73 35 130 
38 16 124 
53 22 124 
62 41 11 
41 13 47 
42 17 61 


eo osx aA Au keh elhUNUCU 
“STEERER ERERRER REE KF 








Observed 
Range 112 85 90 97 22 


Median 47 22 _— 61 3 
Mean +5S.E. | 52.3 + 7.0, 28.9 + 5.7) 53.0 + 17.0) 77.5+ 9.4 5.01.7 




















NOTE: — = no residue detected; no polychlorinated biphenyl residues 
were detected in any samples. 


The widespread occurrence of a-BHC in the moose is 
also somewhat surprising. From 1963 through 1966 and 
subsequently from 1969, ethylene dibromide has been 
the chief insecticide used in the Targhee National Forest 
(1973, D. T. Fluckiger, Branch Chief, Targhee National 
Forest, personal communication). During 1967 and 
1968, y-BHC (lindane), B-BHC, and cacodylic acid 
were applied on a limited basis, but the use of BHC was 
discontinued in 1969 because of objectionable features. 
The sites treated with BHC during the 2-year period 
consisted of 31 campground areas comprising a total of 
369 acres; a total of 96 lb. was applied. Although 
moose have been occasionally observed near the treated 
campground sites, such public areas are usually not 
frequented by the herd (1973, D. T. Fluckiger, Branch 
Chief, Targhee National Forest, personal communica- 
tion). Moreover, the vegetation types within the areas 
treated with BHC do not provide an abundance of 
forage for moose at any time of the year. However, since 
a large portion of the diet of these animals in their 
summer range consists of underwater vegetation, it is 
possible that additional pesticides were transmitted to 
these forage areas by adjacent runoff. In spite of these 
factors, the prior use of BHC for control of pine bark 
beetles is the only plausible explanation for its occur- 
rence. Perhaps even more perplexing is the occurrence of 
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the alpha isomer of BHC in the moose, but not the 
B- or the y- (lindane) forms. Since only B- and y- 
BHC were sprayed, the occurrence of the alpha form 
in the animals is quite intriguing from a metabolic 
standpoint. 


Since 1965 the use of aldrin and dieldrin in Idaho has 
been restricted to certain specific purposes. In spite of 
this, dieldrin was detected in 11 of the 14 animals 
(Table 1). However, only one moose had adipose dieldrin 
concentrations that were appreciably high, suggesting 
that dieldrin is probably not a major body burden com- 
ponent within the herd. In 1965, the report of Walker 
et al. (2) found mean adipose DDT levels of 87 ppb 
and mean DDE levels of 10 ppb in three moose taken 
in 1962 from north central Idaho. These levels were 
slightly higher than our mean for DDT and slightly 
lower than our mean for DDE (Table 1), but higher 
DDT levels might be expected during those years of 
more extensive environmental DDT dispersal. 
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Organochlorine Residues in Woodcock Wings, 11 States—1970-71 


M. A. R. McLane’, Lucille F. Stickel," Eldon R. Clark,’ and 
Donald L. Hughes® 


ABSTRACT 


A survey of organochlorine residues in woodcock wings was 
undertaken to determine whether these wings are suitable 
for showing regional differences in residues and to obtain 
a baseline in 1970-71 for later comparisons. Woodcock 
wings were obtained from the annual hunter's wing survey. 
Samples came from eight States (Louisiana, Maine, Mich- 
igan, New Hampshire, New Jersey, New York, Pennsylvania, 
and Wisconsin) and one tri-State area (North Carolina, South 
Carolina, and Georgia). Wings from the tri-State area con- 
tained significantly higher (P<0.01) concentrations of DDT 
(including DDT, DDD, and DDE) than those from other 
States. Concentrations of polychlorinated biphenyls (PCB's) 
also were significantly higher (P<0.05) in samples from 
these three States. Wings from Louisiana and the tri-State 
area had significantly higher (P<0.01) concentrations of 
dieldrin than wings from the other States, and those from 
Louisiana had significantly higher (P<0.01) concentrations 
of mirex than those from other States. 


The compounds detected and the ranges of residue means for 
all sampling areas were as follows: Total DDT (5.89 — 65.15 
ppm); DDT (0.34 — 14.93 ppm); DDE (4.66 — 47.47 ppm); 
DDD (0.11 — 3.44 ppm); mirex (0.76 — 16.93 ppm); diel- 
drin (0.09 — 3.06 ppm); and PCB’s (4.27 — 8.63 ppm). 


Woodcock wings appear to be suitable for determining 
regional differences in organochlorine residues in this species. 


1 Patuxent Wildlife Research Center, U.S. Bureau of Sport Fisheries 
and Wildlife, Laurel, Md. 20810. 

? Office of Migratory Bird Management, U. S. Bureau of Sport Fisheries 
and Wildlife, Laurel, Md. 20810. 

3 WARF Institute, Inc., Madison, Wis. 53701. 
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Introduction 


More than 1 million woodcock (Philohela minor) were 
harvested in the eastern United States during the 1970- 
71 fall migrations (2). Because these birds subsist on 
animal material, primarily earthworms (5, 8), they can 
be used to measure pollution in an important terrestrial 
food chain. Their propensity to accumulate residues 
from their foods was clearly shown during the 1950's 
when heptachlor was used throughout the Southeast in 
an effort to control the imported fire ant (Solenopsis 
saevissima). Application of heptachlor to the land re- 
sulted in the widespread occurrence of heptachior 
epoxide in the tissues of many species of birds, including 
woodcock (3, 7). Woodcock wintering in the South ac- 
cumulated residues from their food and carried them 
north with them in the spring (9). Residues declined 
following discontinuation of the program (6). 


The successful use of waterfowl wings to measure pesti- 
cide levels in black ducks (Anas rubripes) and mallards 
(Anas platyrhynchos) (4) suggested the possibility that 
woodcock wings might be similarly employed. 


Woodcock wings are obtained from hunters annually 
to evaluate the status and reproductive success of this 
species (2). The usefulness of wings in pesticide measure- 
ments was explored in 1970-71 by taking subsamples 
of these wings. This paper reports the results of this 
sampling. 
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Methods 


Wing samples were taken from 11 States: Georgia, 
Louisiana, Maine, Michigan, New Hampshire, New 
Jersey, New York, North Carolina, Pennsylvania, South 
Carolina, and Wisconsin. These States were selected to 
include those that had the largest woodcock harvest and 
to include states from both North and South. Wings 
from North Carolina, South Carolina, and Georgia were 
combined into one sample because there were too few 
wings to provide a sample from each State. 


Wings from each State and from the tri-State area were 
systematically sorted into groups of 25 for each State. 
Five of these groups were randomly selected for 
analysis from each State except for Louisiana and the 
tri-State area from which there were enough wings for 


only 4 groups. 


Wings were prepared for analysis by plucking the 
feathers and removing the distal joint. The remaining 
portion was ground in a hand grinder and homogenized 
in the groups of 25 that constituted the sample. A 20-g 
aliquot was taken for analysis. 


Analyses for organochlorine pesticides and polychlo- 
rinated biphenyls (PCB’s) were made at WARF Institute, 
Inc., Madison, Wis., by the following procedures: 


The 20-g aliquot was dried at 40°C for 72-96 hours, 
then ground with sodium sulfate and extracted with a 
mixture of ethyl and petroleum ether (30:70) for 8 hours 
in a Soxhlet apparatus. The extract was cleaned and 
separated into two fractions by elution through a 
Florisil column with mixtures of ethyl and petroleum 
ether (5:95 and 15:85). An aliquot of the first elution 
was passed through a standardized silicic acid column 
with petroleum ether, hexane, acetonitrile, and methy- 
lene chloride as described by Armour and Burke (/). 


Analysis was by electron capture gas chromatography on 
a Barber-Coleman Pesticide Analyzer Model 5360. In- 
strument conditions were: 


(1) Column, 4 ft. x 4 mm glass, packed with 5% DC- 
200 on 80/100 mesh Gas Chrom Q; injector tem- 
perature 240°C, column 200°C, and detector 230°C; 
flow such that p,p’-DDT had a retention time of 
6-8 minute. 

(2) Column, 4 ft. x 4 mm glass, packed with 3% OV- 
17 and 100/120 mesh Gas Chrom Q; injector tem- 
perature 230°C, column 185°C, and detector 
250°C; flow such that lindane had a retention time 
of 1 minute. 
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This method detected organochlorines at a sensitivity 
level of 0.05 ppm. No corrections were made for re- 
coveries, which were 85% or better. 


Lipids were determined on an aliquot of the extract 
reduced to dryness on a steam bath and placed in a 
40°C oven for 2-4 hours. All residues are expressed on 
a lipid-weight basis because the relative amounts of bone, 
feather, and moisture in the samples were uncontrolled 
variables. The presence of mirex was confirmed by mass 
spectrometry by W. L. Reichel at Patuxent Wildlife 
Research Center, Laurel, Md. 


Results and Discussion 


Table 1 shows the ranges and means for DDT, DDE, 
DDD, mirex, dieldrin, and PCB’s for the eight States 
and the tri-State area. DDT and its metabolites exhibited 
the same overall pattern: The mean residues of DDT 
and each metabolite were significantly higher (P <0.01) 
in the tri-State area than in other States (DDT, 14.93 
ppm; DDE, 47.47 ppm; and DDD, 3.44 ppm) and New 
Jersey woodcock wings contained the next highest con- 
centrations of these residues; DDT concentrations were 
significantly higher (P<0.01) than in other States, but 
DDE and DDD residues were not significantly higher 
(P<0.05). Figure 1 shows the overall pattern of the 
total DDT residues (including DDT, DDE, and DDD) 
in the States from which wings were analyzed. 


The mean concentrations of dieldrin were significantly 
higher (P <0.01) in woodcock wings from Louisiana 
(2.37 ppm) and from the tri-State area (3.06 ppm) than 
in those from any of the northern States (Fig. 2). Wings 
from Louisiana and the tri-State area also had higher con- 
centrations of mirex (16.93 ppm and 4.08 ppm, respec- 
tively) although only those from Louisiana were sig- 
nificantly higher (P <0.01) than the others (Fig. 3). 


PCB’s were found in all samples; the means ranged 
from 4.27 ppm in Maine to 8.63 ppm in the tri-State 
area. The PCB concentrations were significantly higher 
(P<0.05) in the tri-State area than all other States. 


The results of this sampling of wings of all populations 
of woodcock for organochlorine residues (DDT, DDE, 
DDD, mirex, dieldrin, and PCB’s) indicate clear geo- 
graphic differences in residue levels. Woodcock wings 
appear useful for determining regional differences in 
organochlorine residues and for following their trends. 


See Appendix for chemical names of compounds discussed in this 
Paper. 
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TABLE 1.—Organochlorines in woodcock wings from 11 states—1970-71 





RESIDUES IN PPM, LiPiID-WEIGHT Basis 





Tota DDT? 


DDE DDD MIREX 





Pennsylvania 


range 2.57-10.15 0.27-1.83 
mean 6.49 1.06 


° 


New Hampshire 


2.21-8.01 0.09-0.31 0.71-2.23 0.08-0.11 3.82-5.31 
5.23 0.19 1.14 0.10 4.67 


range 
mean 
New York 
range 
mean 
Wisconsin 
range 
mean 
Maine 
range 
mean 
New Jersey 
range 
mean 
Michigan 
range 
mean 
Louisiana 
range 
mean 


North Carolina, South Carolina, Georgia 


range 
mean 





3.45-25.18 
11.72 


5.01-8.07 
6.41 


3.60-21.96 
10.79 


3.59-10.19 
5.89 


12.43-46.06 
25.15 


2.45-17.13 
8.98 


11.64-19.43 
15.45 


34.40-108.70 
65.84 





0.55-3.61 
2.02 


0.45-0.82 
0.65 


0.27-0.52 
0.34 


0.48-1.48 
1.02 


1.91-18.22 
8.28 


0.46-3.31 
1.16 


1.96-2.06 
2.02 


8.57-21.12 
14.93 





2.84-21.20 
9.50 


4.50-7.08 
5.64 


3.28-21.21 
10.34 


3.03-8.40 
4.66 


10.14-26.70 
16.20 


1.89-13.59 
7.67 


9.29-16.85 
12.98 


22.86-83.22 
47.47 





0.06-0.36 
0.20 


0.06-0.17 
0.12 


0.05-0.23 
0.11 


0.08-0.31 
0.21 


0.38-1.14 
0.67 


0.09-0.23 
0.15 


0.39-0.52 
0.45 


2.97-4.36 
3.44 





0.42-1.46 
0.87 


1,18-2.58 
1.77 


0.62-2.40 
1.41 


0.57-2.24 
1.34 


<0.05-1.38 
0.76 


0.49-5.72 
1.93 


12.76-21.19 
16.93 


0.60-8.01 
4.08 





0.10-0.19 
0.13 


0.13-0.29 
0.20 


0.06-0.30 
0.16 


0.06-0.15 
0.09 


0.26-2.33 
0.95 


0.12-0.44 
0.30 


1.25-4.72 
2.37 


1.17-4.98 
3.06 





4.45-7.39 
5.74 


4.62-8.61 
6.87 


3.79-14.34 
7.10 


3.48-4.78 
4.27 


2.71-8.09 
6.41 


3.75-4.70 
4.30 


3.20-7.20 
5.44 





1 Total DDT includes DDT, DDD, and DDE. 
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FIGURE 1.—Mean DDT residues (including DDT, DDD, FIGURE 2.—Mean dieldrin residues in woodcock wings 
and DDE) in woodcock wings (ppm, lipid weight basis) (ppm, lipid weight basis) 

















FIGURE 3.—Mean mirex residues in woodcock wings 
(ppm, lipid weight basis) 
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Mirex Incorporation in the Environment: Residues 
in Nontarget Organisms—1972 


Syed M. Naqvi* and Armando A. de la Cruz* 


ABSTRACT 


A total of 78 samples representing 42 species of invertebrates, 
3 species of fish, and 1 frog tadpole were randomly collected 
in 1972 from five sampling sites in Mississippi which had 
received varying degrees of mirex treatment. The samples 
were analyzed for mirex residues by gas chromatography. 
Residue levels in most samples were generally less than 1 
ppm. Analyses of data provided observations on average 
residues (ppm) of pooled samples according to the following 
categories: (1) by type of organi: llusks (0.15), fish 
(0.26), insects (0.29), crustaceans (0.44), and annelids (0.63); 
(2) by habitat—estuary (0.20), lake (0.27), grassland (0.28), 
creek (0.31), and pond (0.37); (3) by degree of mirex treat- 
ment at sampling site—localized treatment on fire ant mound 
(0.12), no treatment (0.19-0.20), aerial treatment in 1972 
(0.33), and aerial treatment in 1968-70 (0.38); and (4) by 
trophic level—herbivore (0.23), carnivore (0.30), and omni- 
vore (0.35). Mirex residues in animals collected from areas 
not treated with mirex suggest widespread movement of this 
pesticide in the environment, and the residues observed in 
the various trophic levels may be indicative of biological 
magnification. 





Introduction 


Mirex is a polycyclic chlorinated insecticide used in 
Mississippi and adjacent Southeastern States for control 
of the imported fire ant, Solenopsis saevissima—Forel 


1 Department of Biology, Alcorn A&M College, Lorman, Miss. 39096. 
2 Department of Zoology, Mississippi State University, P. O. Drawer 
Z, Mississippi State, Miss. 39762. 
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(2). In 1971, 4.5 million acres of open areas (non- 
woodland) were treated with fire ant bait by aerial ap- 
plication at the rate of 1.4 kg/hectare (1.25 lb of 4X 
bait/acre) which amounts to 4.2 g of the active in- 
gredient of mirex per hectare. This was done two to 
three times during the year (C. C. Fancher, Mississippi 
Dept. of Agriculture, Jackson, Miss., personal com- 
munication). Mirex is the active ingredient of a bait 
designated as 4X, 2X, and 1X offered to fire ants. The 
4X bait consists of 84.7% corncob grits, 15.0% soy- 
bean oil, and 0.3% mirex; 2X bait contains 0.15% 
mirex, and 1X bait, 0.1% mirex. 


The presence of mirex residues in the tissues of a 
number of organisms reviewed by Alley (J) and our 
observations in the laboratory on the leaching of the 
toxic ingredient from the carrier bait and the ready 
uptake of this pesticide by aquatic invertebrates (4) 
prompted the routine analysis of residual mirex in 
nontarget organisms, particularly aquatic species. Al- 
though mirex is only slightly soluble in water, only about 
1 ppb in fresh water and less in saline water (J), it could 
become potentially hazardous especially to detrivorous 
and neustonic organisms. No known metabolites of 
mirex have been reported in the literature. It is believed, 
however, that the toxicant is stored in quantities in 
animal tissues and is transported to all trophic levels in 
the food web. Theoretically, residue concentrations at- 
tain peak levels in the top consumers of the ecosystem. 
In this study, we are reporting the incorporation of 
mirex in the environment on the basis of residue levels 
in animals collected from various habitats in Mississippi. 
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Methods and Procedures 


SAMPLE COLLECTION 

Animals were randomly collected from the following 
five sampling sites in Mississippi, four of which had 
received varying degrees of mirex treatment: Sampling 
site 1—Noxubee Wildlife Refuge (Noxubee County) had 
received no mirex treatment; Sampling site 2—Starkville 
(Oktibbeha County) had been treated by aerial applica- 
tion in 1968, 1969, and 1970—-since then, treatment has 
been limited to hand application on individual fire ant 
mounds especially during the summer; Sampling site 
3—Louisville-Noxapater site (Winston County) had 
been aerially treated during May and June 1972; 
Sampling site 4—St. Louis Bay Estuary (Hancock 
County) had received no direct mirex treatment al- 
though the county was sprayed aerially in 1971; Sam- 
pling site S—Picayune (Pearl River County) had never 
been treated by airplane, but individual mound treat- 
ment has been in progress. All locations had been 
treated with 4X bait, except the Louisville-Noxapater 
site which had received 1X bait. This history of mirex 
spraying was provided by the Agricultural County 
Agents of each county. 


The specimens on collection were cleaned of debris and 
mud when necessary, dipped quickly in acetone to re- 
move external contamination, air-dried, wrapped in 
aluminum foil, and stored frozen when not immediately 
prepared for mirex analysis. 


SAMPLE EXTRACTION AND CHROMATOGRAPHY 

Pooled whole body samples numbering from 2. to 350 
individuals, depending on size, and weighing from 1.32 
to 3.90 g, wet-weight basis, were extracted for residue 
analyses by grinding in 20 g of a 1:8 mixture of washed 
sodium sulfate and ignited sea-sand. Grinding was 
enhanced by adding 15 ml of nanograde hexane to the 
mixture. Ground sample, solvent, and sand were placed 
in a 60-ml widemouth bottle, shaken for 30 minutes 
on an Eberbach laboratory shaker, and the solvent 
decanted into a collection beaker. This process was 
repeated twice, each time using 20 ml of nanograde 
hexane and shaking for 15 minutes. The extract was 
evaporated to dryness under a fume hood at 24°C + 
3°C. Prior to gas-liquid chromatographic analysis 
(GLC), the extracts were cleaned by using activated 
alumina. The method used was a modification of de 
Faubert Maunder (3) for organochlorine compounds. 


In preparing the columns, the alumina and anhydrous 
sodium sulfate were washed twice with nanograde 
petroleum ether and finally with nanograde hexane. The 
alumina was activated by heating at 130°C for 12 hours 
and deactivated with 15% deionized distilled water. Five 
centimeters of deactivated alumina was placed into a 
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10 mm, OD X 30 cm fritted glass column. The adsorp- 
tion material was layered with 1 cm of anhydrous 
sodium sulfate and reactivated by heating for 3 hours at 
130°C. Whole-body extract was added to the column 
in 2-ml volumes in six successive washes. Columns were 
eluted with 100 ml of hexane by successive 5-ml 
volumes, and the elutions were evaporated to near dry- 
ness. Tests were conducted to determine the amount of 
toxicant recovered by the extraction and cleanup tech- 
niques. Uncontaminated, whole-body samples were 
spiked with known amounts of mirex; recovery was 
90-99% . 


Elution residues were diluted from 1 to 1,000 ml de- 
pending upon the concentration of mirex and analyzed 
on a Barber-Colman Model 5360 Pesticide Analyzer 
equipped with an electron-capture detector and a mixed 
column (6’ X 1%”) consisting of 1.5% OV-17 and 
1.95% QF-1 on 80/100 mesh Chromosorb — WHP. 
Standard injection techniques were employed consis- 
tently for all samples. Operating parameters for the an- 
alyzer were as follows: column temperature, 217°C; 
nitrogen flow, 100 ml/min; and retention time for 
mirex, 27 minutes. Mirex quantification was done by 
peak height method according to the procedures of 
Gaul (4) and corrected for percent recovery. No con- 
firmatory procedure for mirex was used. 


Results and Discussion 


Mirex residues in 78 samples representing 42 species of 
invertebrates, 3 species of fish, and 1 frog tadpole are 
tabulated by sampling location in Table 1. The residue 
levels showed a great deal of variation but were generally 
below 1 ppm. As can be seen in Table 1, concentrations 
= 1 ppm were found in five samples, and > 2 ppm in 
only two samples. Higher concentrations have been 
detected in other species of nontarget organisms as re- 
viewed by Alley (J), but these species were primarily 
small vertebrates occupying the upper level in the food 
chain. Analysis, by trophic level, of residue concentra- 
tions pooled from all the sampling locations revealed 
average values of 0.23, 0.31, and 0.35 ppm for her- 
bivores, carnivores, and omnivores, respectively (Table 
2). An investigation of biological magnification of mirex 
in the food chain as reflected by these values is being 
pursued in our continuing studies of mirex incorporation 
in the environment. Laboratory studies by Lowe et al. 
(7) and Ludke et al. (8) on the movement of mirex in 
simple food chains have shown that food items con- 
taining 0.5-1.0 ppm mirex caused up to 53% mortality 
in certain aquatic animals. If this were the case in na- 
ture, the residue levels detected in many of the orga- 
nisms examined in this study are potentially poisonous 
to prospective consumer species which are highly sensi- 
tive to mirex. 
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The ability of animals to concentrate mirex and other 
chlorinated hydrocarbons varies widely (4,7,9). This was 
indicated by the levels observed when the samples were 
pooled by taxonomic categories as shown in Table 3. 
The highest average residue concentration was detected 
in the annelids (0.63 ppm), while the lowest average 
concentration was observed in the mollusks (0.15 ppm). 
Earlier studies by Gish (6) showed that oligochaetes were 
able to concentrate large quantities of chlorinated hydro- 
carbons, and among this order of annelids, tubificids 
were noted by Naqvi and Ferguson (9) to be extremely 
tolerant. In our annelid samples, leeches contained: fairly 
high levels of mirex. 


Residue averages, for animals pooled according to 
habitats and collection sites, are shown in Tables 4 and 
5, respectively. Mirex residues in terrestrial organisms 
(e.g., grassland) are considered a result of the animals’ 
direct contact with the pesticide, whereas mirex in 
samples from the four aquatic habitats is more a func- 
tion of the leaching of toxicant from the bait carrier and 
subsequent incorporation into the organisms. Lowe 
et al. (7) have shown in field experiments that 66% of 
the active ingredient leached out of the fire ant bait 
after 9 months. Our preliminary data obtained from 
laboratory simulations of leaching indicated 19% leach- 
ing after 15 days. Furthermore, the physical parameters 
of the habitat influence the accumulation of the pesticide. 
As can be seen in Table 4, the residue levels in enclosed 
small ponds were slightly higher than in free flowing 
creeks; levels in creeks were higher than in larger bodies 
of lakes; and levels in lakes were higher than in the more 
contiguous bay-estuary. 


The history of mirex application in the various sampling 
locations was discussed earlier in this report. As ex- 
pected, organisms from locations which received aerial 
treatment in conjunction with the fire ant control pro- 
gram had higher concentration levels than organisms 
from other areas (Table 5). The presence of residues 


in organisms from Bluff Lake (Noxubee County) and 
samples from St. Louis Bay Estuary (Hancock County) 
which did not receive any direct mirex treatment is 
evidence of the widespread movement of this compound 
in the environment. 


See Appendix for chemical name of mirex. 
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TABLE 1.—Méirex residues in nontarget organisms collected at five sites in Mississippi, 1972 





Species COLLECTED AND HABITAT on 
Foop Hasir 





CoMMON NAME 





BLUFF LAKE in Noxubee Wildlife Refuge (Noxubee Co., Miss.) 2 





Lake: 


Neotettix proavus 
(Orthoptera: Insecta) Herbivore 


Dichromorpha viridis 
(Orthoptera: Insecta) Grasshopper Herbivore 


Gambusia affinis 
(Poeciilidae: Pisces) Mosquitofish 


Lepomis cyanellus 
(Centrarchidae: Pisces) Green sunfish 


Belostoma fluminea 
(Hemiptera: Insecta) Giant water bug 


Lepomis cyanellus 
(Centrarchidae: Pisces) Green sunfish 


Dolomedes sexpunctatus 
(Pisauridae: Arachnida) Spider 


Campeloma subsidum 
(Gastropoda: Mollusca) Snail 


Palaemonetes kadiakensis 
(Decapoda: Crustacea) Freshwater shrimp 


Palaemonetes kadiakensis 
(Decapoda: Crustacea) Freshwater shrimp 














Total number of samples: 10 
Average residue level: 0.19 ppm 





STARKVILLE AREA (Oktibbeha Co., Miss.) * 





Pond: 


Neohydrophilus castus 
(Coleoptera: Insecta) Water scavenger beetle Herbivore 


Tropisternus sp. 
(Coleoptera: Insecta) Water scavenger beetle Herbivore 
Sigara alternata $ 
(Hemiptera: Insecta) Water boatmen Carnivore 


Belostoma fluminea 
(Hemiptera: Insecta) Giant water bug Carnivore 


Notonecta undulata . 
(Hemiptera: Insecta) Back swimmer Carnivore 


Belostoma fluminea 
(Hemiptera: Insecta) Giant water bug Carnivore 


Neoperla clymene naiad 
(Odonata: Insecta) Dragonfly Carnivore 


Erpobdella punctata 
(Hirudinea: Annelida) Leech Carnivore 


Macromia magnifica naiad 
(Odonata: Insecta) 


Placobdella rugosa 
(Hirudinea: Annelida) 


Macromia sp. naiad 
(Odonata: Insecta) 


Orconectes lancifer 
(Decapoda: Crustacea) 
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TABLE 1.—Mirex residues in nontarget organisms collected at five sites in Mississippi, 1972—Continued 





Spectres COLLECTED AND HABITAT 





CoMMON NAME 


Basic 
Foop Hasir 


MIREx 
RESIDUES IN 
PPM}, WET- 

WEIGHT Basis 





STARKVILLE AREA (Oktibbeha Co., Miss.) *—Continued 





Physa gyrina 
(Gastropoda: Mollusca) 


Physa gyrina 
(Gastropoda: Mollusca) 


Limnodrilus udekemianus 
(Oligochaeta: Annelida) 


Physa gyrina 
(Gastropoda: Mollusca) 


Procambarus hayi 
(Decapoda: Crustacea) 


Palaemonetes kadiakensis 
(Decapoda: Crustacea) 


Orconectes lancifer 
(Decapoda: Crustacea) 


Lake: 


Haliplus triopsis 
(Coleoptera: Insecta) 


Helocordulia uhleria naiad 
(Odonata: Insecta) 


Gerris remigis 
(Hemiptera: Insecta) 


Macromia sp. naiad 
(Odonata: Insecta) 


Hyallela azteca 
(Amphipoda: Crustacea) 


Grassland: 


Dichromorpha viridis 
(Orthoptera: Insecta) 


Neotettix proavus 
(Orthoptera: Insecta) 


Neotettix proavus 
(Orthoptera: Insecta) 


Conocephalus sp. 
(Orthoptera: Insecta) 


Dichromorpha viridis 
(Orthoptera: Insecta) 


Mimetus puritans 
(Mimetidae: Arachnida) 


Snail 


Snail 


Aquatic earthworm 


Snail 


Crayfish 


Freshwater shrimp 


Crayfish 


Crawling water beetle 


Dragonfly 


Water strider 


Dragonfly 


Sideswimmer 


Grasshopper 


Herbivore 


Carnivore 


Carnivore 


Herbivore 


Herbivore 


Herbivore 


Herbivore 


Herbivore 


Carnivore 





Total number of samples: 30 
Average residue level: 0.38 ppm 





LOUISVILLE AND NOXAPATER AREAS (Winston Co., Miss.) ¢ 





Creek: 


Peltodytes sp. 
(Coleoptera: Insecta) Crawling water beetle Herbivore 


Rana grylio tadpole 
(Anura: Amphibia) Frog Herbivore 


Hexaginea bilineata larva 


(Ephemeroptera: Insecta) Mayfly Herbivore 
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TABLE 1.—Mirex residues in nontarget organisms collected at five sites in Mississippi, 1972—-Continued 





Mmex 
SpEctEs COLLECTED AND HABITAT Basic Rasmus a 


Foop Hasir PPM?!, WeET- 
CoMMON NAME Weicur BAsIs 








LOUISVILLE AND NOXAPATER AREAS (Winston Co., Miss.) “—Continued 





Progomphus obscurus naiad 
(Odonata: Insecta) Dragonfly 


Lethocercus americanus 
(Hemiptera: Insecta) Giant water bug 


Progomphus obscurus naiad 
(Odonata: Insecta) Dragonfly 


Lethocercus americanus 
(Hemiptera: Insecta) Giant water bug 


Helocordulia uhleri naiad 
(Odonata: Insecta) Dragonfly 


Plathemis lydia naiad 
(Odonata: Insecta) Dragonfly 


Lethocercus americanus 
(Hemiptera: Insecta) Giant water bug 


Erpobdella punctata 
(Hirudinea: Annelida) Leech 
Palaemonetes kadiakensis 
(Decapoda: Crustacea) 


Physa gyrina 
(Gastropoda: Mollusca) 


Orconectes mississippiensis 
(Decapoda: Crustacea) 


Eupera singleyi 
(Pelecypoda: Mollusca) 


Gammarus limneus 
(Amphipoda: Crustacea) 





Rhamphocorixa acuminata 
(Hemiptera: Insecta) 


Pond: 


Haliplus triopsis 
(Coleoptera: Insecta) Crawling water beetle 


Enallagma sp. naiad 
(Zygoptera: Insecta) 


Bueona elegans 
(Hemiptera: Insecta) 


Lepomis cyanellus 
(Centrarchidae: Pisces) 


Bueona elegans 
(Hemiptera: Insecta) 


Macromia sp. naiad 
(Odonata: Insecta) 


Gambusia affinis 
(Poeciilidae: Pisces) 


Grassland: 


Dichromorpha viridis 
(Orthoptera: Insecta) 














Total number of samples: 25 
Average residue level: 0.33 ppm 
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TABLE 1.—Mirex residues in nontarget organisms collected at five sites in Mississippi, 1972—Continued 





Species COLLECTED AND HABITAT 





ScrENTIFIC NAME 


COMMON NAME 





Basic 
Foop Hasit 





MIREx 
RESIDUES IN 
PPM}, WET- 

WEIGHT Basis 





PICAYUNE AREA (Pearl River Co., Miss.) © 





Creek: 


Lepomis cyanellus 
(Centrarchidae: Pisces) 


Gambusia affinis 
(Poeciilidae: Pisces) 


Dineutes americanus 
(Coleoptera: Insecta) 


Noturus funebris 
(Ictaluridae: Pisces) 


Palaemonetes sp. 
(Decapoda: Crustacea) 


Palaemonetes sp. 
(Decapoda: Crustacea) 


Green sunfish 


Mosquitofish 


Whirligig beetle 


Catfish 


Shrimp 


Shrimp 





Total number of samples: 6 
Average residue level: 0.12 ppm 





ST. LOUIS BAY ESTUARY (Hancock Co., Miss.) ® : 





Estuary: 


Crassostrea virginica 
(Pelecypoda: Mollusca) 


Crassostrea virginica 
(Pelecypoda: Mollusca) 


Marginella apicina 
(Gastropoda: Mollusca) 





Poly da carolini: 
(Pelecypoda: Mollusca) 


Uca sp. 
(Decapoda: Crustacea) 


Crassostrea virginica 
(Pelecypoda: Mollusca) 


Littorina anguilifera 
(Gastropoda: Mollusca) 





Oyster 


Oyster 


Snail 


Clam 


Crab 


Oyster 


Snail 








Total number of samples; 7 
Average residue level: 0.20 ppm 





1 Residue values represent single analysis of a pooled sample numbering from 2 to 350 individuals, depending on size, and weighing from 


1.32 to 3.90 g. 


2 This area had not received any mirex treatment of any kind. 


3 This area received the prescribed aerial treatment of mirex in 1968, 1969, and 1970. 
- * These areas were treated with the prescribed dosage of mirex in summer 1972. 


° This area has never been aerially treated with mirex, but individual mound treatment has been initiated. 
® This area had never received mirex treatment directly, but Hancock County was sprayed aerially in 1971. 
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TABLE 2.—Mirex residues in organisms grouped according 


to trophic levels 





TROPHIC 
LEVEL 


NUMBER OF 
SAMPLES 


MiIrEx RESIDUES IN PPM, WET-WEIGHT BASIS 





RANGE 


MEDIAN 


MEAN 





Herbivores 
Carnivores 
Omnivores 





15 
36 
27 


0-0.90 
0- 1.92 
0-2.09 








0.12 
0.15 
0.13 





0.23 
0.30 
0.35 





TABLE 3—Méirex residues in organisms grouped according 
to taxonomic categories 





TROPHIC 
LEVEL 


NUMBER OF 
SAMPLES 


MiIREXx RESIDUES IN PPM, WET-WEIGHT Basis 





RANGE 


MEDIAN 


MEAN 





Mollusca 
Pisces and 
Amphibia 
Insecta and 
Arachnida 
Crustacea 
Annelida 





0.03 - 0.41 


0.03 - 1.00 


0-2.01 
0- 2.09 
0.13 - 1.76 








0.13 


0.12 








TABLE 4.—Mirex residues in organisms grouped according 


to habitat 





MIREX RESIDUES IN PPM, WET-WEIGHT Basis 





RANGE 


MEDIAN 


MEAN 











0.07 - 0.41 
0- 1.33 
0.10 - 0.70 
0-2.01 
0 - 2.09 





0.19 
0.10 
0.26 
0.12 
0.16 





0.20 
0.27 
0.28 
0.31 
0.37 





TABLE 5—Mirex residues in organisms grouped according 


to sampling sites 





SAMPLING 
SIres+ 





NUMBER OF 
SAMPLES 


MiIREX RESIDUES IN PPM, WET-WEIGHT Basis 





RANGE 


MEDIAN 


MEAN 





Picayune, Pearl 
River County 
St. Louis Bay 


Estuary, Hancock 


County 


Noxubee Refuge, 
Noxubee County 10 


Louisville and 
Noxapater, 


Winston County 25 
Starkville, Oktib- 


beha County 


30 





0 - 0.32 


0.07 - 0.41 


0.04 - 0.78 


0-2.01 


0 - 2.09 





0.08 


0.19 


0.11 


0.12 


0.24 





0.12 


0.19 


0.19 


0.33 


0.38 





1 Picayune received individual mound treatment; St. Louis Bay Estuary 
and Noxubee Refuge did not receive any form of mirex application; 
Louisville-Noxapater was aerially treated in 1972; and Starkville re- 


ceived several aerial treatments since 1968. 
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Accumulation of Mirex Residues in Selected Organisms 
After an Aerial Treatment, Mississippi—197 1-72 


James L. Wolfe’ and B. R. Norment’ 


ABSTRACT 


Mirex residues were monitored in selected organisms in 
Mattubby Creek Watershed, Monroe County, Miss., for 
approximately 1 year following an aerial application of 1X 
mirex bait (0.85 g/acre). Although there was an increase in 
residues in crayfish, levels remained relatively low in in- 
vertebrates as compared to those previously reported. Fishes 
from streams in the treated areas showed an increase in 
residues of about 2 to 20 times over controls taken from an 
adjacent watershed. These levels in stream fishes remained 
relatively constant for 7 months after treatment, when the 
last sample was taken. Residue levels in mammals were 
obviously stratified according to food habits. Strict herbivores 
had the lowest levels, omnivores intermediate levels, and 
insectivore-carnivores the highest levels. Generally, the 
residues detected were lower than those previously reported 
and presumably reflected the lower rate of mirex application 
(1X rate versus the normal 4X or 2X rate). The fact that 
the compound was concentrated by certain nontarget or- 
ganisms even at this low rate of application and stratified by 
trophic level is worthy of note. 


Introduction 


Environmental pollution is one of the most pertinent 
and controversial issues today. Chlorinated hydro- 
carbon pesticides are some of the most frequently men- 
tioned offenders, chiefly because of their long residual 
properties and their accumulation by plants and animals 
in the food chain of man (9). Currently, a stable chlori- 
nated hydrocarbon pesticide, mirex, is being used in the 


1 Department of Zoology, Mississippi State University, Mississippi 
State, Miss. 39762. 

2 Department of Entomology, Mississippi Agricultural and Forestry 
Experiment Station, Mississippi State University, Mississippi State, 
Miss. 39762. 
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Southern United States in efforts to control the spotted 
imported fire ant, Solenopsis saevissima richteri (Forel), 
and the imported fire ant, Solenopsis invicta (Buren); 
and a control program is being implemented to treat 
large areas in Mississippi with mirex bait. In 1971-72, 
this study of selected aquatic and terrestrial vertebrate 
and invertebrate populations from the Mattubby Creek 
Watershed, Monroe County, Miss., was initiated to de- 
termine the extent of mirex residues in a freshwater 
ecosystem following an aerial application of mirex. 


Val Valin et al. (10) reported that at the recommended 
rate, the concentration of mirex residues in soil, water, 
and vegetation was relatively constant for over 300 days. 
Other studies (/,3,4) have shown that the acute toxicity 
of mirex to birds and mammals is extremely low. Simi- 
larly, low toxicity to fishes has been recorded (2,5). 
Chronic effects of sublethal levels have not been in- 
vestigated in any detail and these may be important 
because the chemical is persistent. Its high toxicity to 
nontarget arthropods, especially crustacea, has been 
demonstrated in the laboratory by Lowe et al. (5) and 
Ludke et al. (6). 


Study Area 


The Mattubby Creek Watershed of Monroe County, 
Miss., was selected for study. This area was last treated 
with mirex in 1968 as was most of east-central Missis- 
sippi. After pretreatment sampling in the summer and 
early fall of 1971, the area received an aerial application 
of 1X mirex bait on Sept. 15, 1971. 


Organisms for residue analysis were collected from per- 
manent and temporary ponds, streams, and terrestrial 
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habitats. A 1-acre permanent pond east of Lake Monroe 
(about 7 miles north of Aberdeen) was used extensively 
for collecting and exposing caged catfish. Two temporary 
pools approximately 3 miles south of this pond were 
also used for collecting. Streams sampled in the treat- 
ment area included Mattubby Creek, Wolf Creek, and 
Cedar Creek. Control streams in an adjacent watershed 
which was not subjected to the 1971 treatment were 
Kettle Creek, James Creek, and Nichols Creek. A 
number of terrestrial areas, primarily old fields in early 
successional stages, in a quadrangle 7 miles north and 
west of Aberdeen were sampled. 


Sample Collection 


INVERTEBRATES 

Invertebrates collected consisted of crayfish (Orconectes 
sp.), mosquito larvae (mixed species), and field crickets 
(Acheta assimilis). Pre- and post-treatment samples of all 
three organisms were obtained and analyzed at ap- 
proximately regular intervals over a 12-month period. 
Crayfish were collected from the permanent and the two 
temporary ponds; mosquito larvae were collected from 
temporary pools. The cricket samples all came from a 
single field locality. 


POND FISHES 

Two species were analyzed from the permanent pond. 
Channel catfish, Ictalurus punctatus (80, 3-inch finger- 
lings in a wire cage and 2,000 released as 1-inch finger- 
lings), were placed in the pond. Naturally occurring 
green sunfish (Lepomis cyanellus) were seined from the 
pond. Fish samples were analyzed at the same intervals 
as were the invertebrates. 


STREAM FISHES 

A total of 10 species of stream fishes were analyzed 
for mirex residues (Table 2). No pretreatment samples 
were taken, but concurrent samples were taken from 
streams in an adjacent, untreated (since 1968) drainage 
area. Collections for analysis were made by seining in 
November 1971 and April 1972. 


MAMMALS 

Seven species of small mammals were captured and 
analyzed. These included the cotton rat (Sigmodon 
hispidus), the rice rat (Oryzomys palustris), the harvest 
mouse (Reithrodontomys humulis), the pine mouse 
(Pitymys pinetorum), the wood mouse (Peromyscus 
leucopus), the house mouse (Mus musculus), and the 
short-tailed shrew (Blarina brevicauda). Collections were 
made in September (prior to treatment), December 1971, 
and March and May 1972. Animals were captured alive 
in Sherman traps. 
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Sample Preparation and Analytical Procedure 


Invertebrates and fishes were packed in ice in the field 
and frozen on arrival at the laboratory. Mammals were 
brought in alive and then frozen. Residues given are on 
a whole-body basis unless otherwise stated. In the case of 
invertebrates and fishes, several specimens were pooled 
and homogenized to make a sample. For the mammals, 
one specimen equals one sample. All analyses were 
performed by the Mississippi State Chemical Laboratory 
using standard FDA procedures for biological materials 
(7). The one departure from the referenced procedure 
was that two extractions rather than the recommended 
one were used. Previous work on fish and bird samples 
by the laboratory involving exhaustive (6 to 9) extrac- 
tions indicated that two extractions removed from 90 to 
95% of the mirex from the sample. A Barber-Coleman 
(Model 5360) Pesticide Analyzer with a Ni® detector 
was used for the analyses. A mixed column, OV-210/ 
OV-1, was used for quantitation and a DEGS column 
for confirmation. The sensitivity of the method was ap- 
proximately 0.01 ppm. 


Results and Discussion 


Residue data for invertebrates are given in Table 1. 
In crayfish, no residues were detected in 2 pretreatment 
samples, but residues averaging 0.07 ppm were de- 
tected in all 8 posttreatment samples. In insect samples, 
there was no clear indication of an increase in residue 
levels during the posttreatment period. Levels for both 
crickets and crayfish were lower than those reported 
after one treatment by Markin ef al. (8). 


Samples of green sunfish taken from the permanent pond 
in July and August each contained 0.02 ppm mirex. A 
sample taken on September 22, just after the aerial ap- 
plication, had 0.01 ppm. Samples collected from No- 
vember through February did not contain detectable 
mirex levels; no sunfish were found from April through 
July. A pretreatment catfish sample taken in early Sep- 
tember did not contain mirex. Residues in three post- 
treatment samples of the caged /. punctatus fingerlings 
taken in September, October, and November ranged 
from 0.01 to 0.02 ppm. In January the caged finger- 
lings were gone (had apparently died and decomposed), 
and none were captured on six subsequent seining trips. 
On November 2, differences in residues were apparent 
in fish species taken from untreated and treated streams 
(Table 2). Mosquitofish (Gambusia affinis) from un- 
treated streams averaged about 0.05 ppm, whereas those 
from treated areas averaged 0.54 ppm. While there was 
little difference in the top minnow samples from the two 
areas, residues in the Cyprinid, Notropis bellus, a pretty 
shiner, from the treated area were considerably higher 
than those from the untreated area (0.30 vs. 0.06 ppm). 
A redfin pickerel (Esox americanus americanus), pre- 
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sumably a top carnivore, from the treated area had 4 
residue of 0.53 ppm. None were collected from an 
untreated stream on this trip, but in April one collected 
from an untreated area had 0.02 ppm. 


Five months later (April 26), the situation appeared 
relatively unchanged. Previously, the highest level de- 
tected, 0.92 ppm, was in a mosquitofish, a topwater 
form. In April the highest residues (0.97, 1.02 ppm) 
were found in Cyprinids (shiners), which are primarily 
mid-water forms. Typically, species or groups from 
treated areas showed increases in mirex residues of 2 
to 10 times over those from untreated areas (Table 2). 


A sample of small mammals (cotton rats, rice rats) 
collected in the Mattubby Creek watershed on Sept. 4, 
1971, showed extremely low mirex residues. No residues 
were detected in cotton rats, while small amounts (0.01 
ppm) were detected in rice rats. In December, residues 
of 0.02 were detected in house mice (Table 3). In March, 
cotton rats had residues as high as 0.02 ppm which was 
not a significant increase, but two species of mice 
(harvest mice and white-footed mice), which are similar 
to rice rats and house mice in food habits, had levels as 
high as 0.54 ppm. On this date the first collection of 
shrews was also made. Shrews, which eat primarily in- 
vertebrate animals and occasionally small vertebrates 
and from which the highest mirex residue of any mam- 
mal has been reported, Markin et al. (8), had residue 
levels as high as 1.89 ppm (Table 3). In Table 4 small 
mammals are classified as to eating habits and mirex 
residues detected. There is an obvious relationship be- 
tween the small mammals’ diet and mirex in the tissues. 
Levels for the white-footed mouse after the single treat- 
ment were about the same as those reported by Markin 
et al. (8) for the closely related cotton mouse after three 
treatments. Markin et al. (8) detected much higher levels 
in shrews after 1 or 2 treatments, up to 41.67 ppm, than 
in this study. 


One group of samples was run to try to establish the 
relationship between the standard whole-body samples 
and mirex levels in the various tissues. These results are 
given in Table 5. From these data it appears that whole- 
body residues approximate muscle residues. with brain 
levels being slightly lower and liver levels being much (2 
to 20 times) higher. 


Data revealed that mirex levels in several invertebrate 
and vertebrate samples taken during the posttreatment 
period were higher than those taken during the pre- 
treatment period and from untreated areas. The presence 
of mirex in pretreatment samples indicated the well- 
known stability of the compound when applied to the 
environment since the last known mirex application in 
Monroe County had been in 1968. Also revealed was 
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the possibility that mirex levels were more localized and 
that the residues detected in the specimens during the 
posttreatment period were due to the September 1971 
application. 


The mirex residues found in these specimens were lower 
than levels reported for the same species in the study by 
Markin et al. (8). These differences may possibly reflect 
the rate of mirex applications; our study area received 
a 1X (0.85 g/acre) application as opposed to the normal 
4X (3.4 g/acre) or 2X (1.7 g/acre) rates. The fact that 
these various nontarget organisms accumulated mirex 
residues at one-quarter the recommended rate points to 
the ever-increasing importance of distribution and move- 
ment in the ecosystem. Previously published work 
(5,8,11) suggests the possibility of stratification and 
biological magnification of mirex in aquatic and ter- 
restrial ecosystems. Our work further supports this 
hypothesis. 


Supported by U. S. Department of Agriculture, Animal and Plant 
Health Inspection Service. Contract No. 12-14-140-2262-81 


See Appendix for chemical name of mirex. 
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TABLE 1.—Mirex residues in aquatic and terrestrial invertebrates before and after treatment of the Mattubby Creek 
Watershed in Monroe County, Miss.—1971-72 





RESIDUES IN PPM BY COLLECTION DATES 


POSTTREATMENT 








11/2 1/25 2/14 1/5 





Crayfish 
(Orconectes sp.) 0.00 0.00 f \ 10.09 ' 0.04 0.05 0.04 


Mosquito larvae 0.00 0.00 0.00 A 0.00 0.02 0.00 0.00 


Field cricket 
(Acheta assimilis) 0.00 0.00 0.03 | - 0.00 0.02 0.01 0.00 0.00 0.02 0.03 












































NOTE: Blank = no sample collected; several specimens were pooled and homogenized to make a sample; residues reported are on a whole-body 
basis unless otherwise indicated. 
1 Average of three samples (0.02 - 0.22 ppm). 


TABLE 2.—Mirex residues in stream fishes before and after treatment of the Mattubby Creek Watershed in Monroe County, 
Miss.—1971-72 








UNTREATED STREAMS TREATED STREAMS 





NOVEMBER 1971 APRIL 1972 NOVEMBER 1971 ApriL 1972 





NUMBER NUMBER NUMBER NUMBER 
IN MEAN| RANGE IN MEAN | RANGE IN MEAN | RANGE IN MEAN 
SAMPLE SAMPLE SAMPLE SAMPLE 





Redfin pickerel 
(Esox americanus americanus) 


Pretty shiner 
(Notropis bellus) 

Blacktail shiner 
(N. venustus) 

Bluntnose minnow 


(Pimephales notatus) 


Top minnow 
(Fundulus sp.) 


Mosquitofish 
(Gambusia affinis) 


Green sunfish 
(Lepomis cyanellus) 


Bluegill 
(L. Macrochirus) 


Largemouth bass 
(Micropterus salmoides) 


Darter 
(Etheostoma sp.) 0.02 









































NOTE: Each sample was taken from a different stream; Blank = no sample collected. 
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TABLE 3.—Mirex residues in small mammals collected in Monroe County, Miss., Sept. 4, 1971-March 22 and May, 1972 





RESIDUES IN PPM 





DECEMBER 21 


MARCH 22 AND May 





NUMBER 
IN 
SAMPLE 


MEAN | RANGE 


MEAN 


RANGE 





Cotton rat 
(Sigmodon hispidus) 


Rice rat 
(Oryzomys palustris) 


House mouse 
(Mus musculus) 


Harvest mouse 
(Reithrodontomys humulis) 


Wood mouse 
(Peromyscus leucopus) 


Pine mouse 
(Pitymys pinetorum) 


Short-tailed shrew 
(Blarina brevicauda) 





























(0.01- 
0.02) 





NOTE: Blank = no sample collected. 


TABLE 4.—Relationship of diet to mirex residues in small 
mammals collected in treated area of Monroe County, Miss. 


1972 





TROPHIC LEVEL 


Mrirex RESIDUES IN PPM! 





Herbivores 
(Feed principally on plants—Sigmodon, 
Pitymys) 


Omnivores 
(Feed principally on plant products and 
invertebrates—Oryzomys, Peromyscus, 
Reithrodontomys) 


Carnivores 
(Feed principally on invertebrates with 
some vertebrate material—Blarina) 





0.01 





1 Data taken from specimens collected on March 22, 1972. 


TABLE 5.—A comparison of whole body and tissue levels 
oj three species of small mammals collected from the treated 
area of Monroe County, Miss., March 17-19, 1972 





SPECIES 


Sigmodon 


Oryzomys 


SAMPLE 
No. 


RESIDUES IN PPM 





WHOLE Bopy 


MUSCLE 


BRAIN 











0.00 
0.00 
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APPENDIX 


Chemical Names of Compounds Discussed in This Issue 








BHC 1,2,3,4,5,6-h h} ycloh , mixed isomers 
DDE 1,1-dichloro-2,2-bis(p-chlorophenyl) ethylene 


DDT 1,1,1-trichloro-2,2-bis(p-chlorophenyl) ethane, technical DDT consists of a mixture of the p,p’-isomer and the 
o,p’-isomer (in a ratio of about 3 or 4 to 1) 


DIELDRIN Not less than 85% of 1,2,3,4,10,10-hexachloro-6,7-epoxy-1,4,4a,5,6,7,8,8a-octahydro-1 ,4-endo-exo-5,8-dimethano— 
naphthalene 


MIREX dodecachl tahydro-1,3 ,4-metheno-2H-cyclobuta[cd]pentalene 


POLYCHLORINATED Mixtures of chlorinated biphenyl compounds having various percentages of chlorination 
BIPHENYLS (PCB’s) _— - 


TDE (DDD) (including its 1,1-dichloro-2,2-bis(p-chlorophenyl ethane; technical TDE contains some o,p’-isomer also 
isomers and dehydrochlorina- 
tion products) 
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Information for Contributors 


The PestTicDES MONITORING JOURNAL welcomes from 
all sources qualified data and interpretive information 
which contribute to the understanding and evaluation of 
pesticides and their residues in relation to man and his 
environment. 


The publication is distributed principally to scientists 
and technicians associated with pesticide monitoring, 
research, and other programs concerned with the fate 
of pesticides following their application. Additional 
circulation is maintained for persons with related in- 
terests, notably those in the agricultural, chemical manu- 
facturing, and food processing industries; medical and 
public health workers; and conservationists. Authors are 
responsible for the accuracy and validity of their data 
and interpretations, including tables, charts, and refer- 
ences. Accuracy, reliability, and limitations of the sam- 
pling and analytical methods employed must be clearly 
demonstrated through the use of appropriate procedures, 
such as recovery experiments at appropriate levels, 
confirmatory tests, internal standards, and inter-labora- 
tory checks. The procedure employed should be ref- 
erenced or outlined in brief form, and crucial points 
or modifications should be noted. Check or control 
samples should be employed where possible, and the 
sensitivity of the method should be given, particularly 
when very low levels of pesticides are being reported. 
Specific note should be made regarding correction of 
data for percent recoveries. 


Preparation of manuscripts should be in con- 
formance to the CBE STYLE MANUAL, 3d ed. Coun- 
cil of Biological Editors, Committee on Form and 
Style, American Institute of Biological Sciences, 
Washington, D. C. and/or the STYLE MANUAL of 
The United States Government Printing Office. 
An abstract (not to exceed 200 words) should 
accompany each manuscript submitted. 

——aAll material should be submitted in duplicate 
(original and one carbon) and sent by first-class 
mail in flat form—not folded or rolled. 

——Manuscripts should be typed on 8% x 11 inch 
paper with generous margins on all sides, and 
each page should end with a completed para- 
graph. 

——All copy, including tables and references, should 
be double spaced, and all pages should be num- 
bered. The first page of the manuscript must 
contain authors’ full names listed under the title, 
with affiliations, and addresses footnoted below. 

——Charts, illustrations, and tables, properly titled, 
should be appended at the end of the article with 


a notation in text to show where they should be 
inserted. 

——Charts should be drawn so the numbers and texts 
will be legible when considerably reduced for 
publication. All drawings should be done in black 
ink on plain white paper. 

——Photographs should be made on glossy paper. 
Details should be clear, but size is not important. 
The “number system” should be used for litera- 
ture citations in the text. List references in the 
order in which they are cited in the text, giving 
name of author/s/, year, full title of article, exact 
name of periodical, volume, and inclusive pages. 


The Journal also welcomes “brief” papers reporting 
monitoring data of a preliminary nature or studies of 
limited scope. A section entitled Briefs will be included, 
as necessary, to provide space for papers of this type 
to present timely and informative data. These papers 
must be limited in length to two journal pages (850 
words) and should conform to the format for regular 
papers accepted by the Journal. 


Pesticides ordinarily should be identified by common 
or generic names approved by national scientific so- 
cieties. The first reference to a particular pesticide 
should be followed by the chemical or scientific name 
in parentheses—assigned in accordance with CHEMICAL 
ABSTRACTS nomenclature. Structural chemical formulas 
should be used when appropriate. Published data and 
information require prior approval by the Editorial 
Advisory Board; however, endorsement of published in- 
formation by any specific Federal agency is not intended 
or to be implied. Authors of accepted manuscripts will 
receive edited typescripts for approval before type is set. 
After publication, senior authors will be provided with 
100 reprints. 


Manuscripts are received and reviewed with the under- 
standing that they previously have not been accepted for 
technical publication elsewhere. If a paper has been 
given or is intended for presentation at a meeting, or if 
a significant portion of its contents has been published 
or submitted for publication elsewhere, notation of such 
should be provided. 


Correspondence on editorial matters or circulation mat- 
ters relating to official subscriptions should be addressed 
to: Mr. Paul Fuschini, Editorial Manager, PESTICIDES 
MONITORING JOURNAL, Technical Services Divi- 
sion, Office of Pesticide Programs, U. S. Environmental 
Protection Agency, Room B49 East, Waterside Mall, 
401 M Street, S.W., Washington, D. C. 20460. 


PESTICIDES MONITORING JOURNAL 











The Administrator of the U. S. Environmental Protection Agency has determined 
that the publication of this periodical is necessary in the transaction of public 
business required by law of this Agency. Use of funds for printing this publication 
approved by the Director of the Office of Management and Budget, June 30, 1971. 


ORDER BLANK To: Superintendent of Documents 
FOR PMJ Government Printing Office 
Washington, D. C. 20402 


Please enter my Subscription for Pesticides Monitoring Journal. I am enclosing 
Money Order [] Check [7 for this subscription. ($3.00 a year; 75 cents additional 
for foreign mailing) 


Please address the PMJ as follows 











UNITED STATES GOVERNMENT PRINTING OFFICE, WASHINGTON, D. C. 1967 


For sale by the Superintendent of Documents, U. S. Government Printing Office, Washington, D. C. 20402. 
Subscription price $3.00 a year, 75 cents additional for foreign mailing. Price for a single copy of this 
issue is $1.00. 








U. S. ENVIRONMENTAL PROTECTION AGENCY 
Programs 


401 M. Street, S. W. 
Washington, D. C. 20460 


OFFICIAL BUSINESS 


POSTAGE AND FEES PAID 
FEDERAL WORKING GROUP ON PEST MANAGEMENT ENVIRONMENTAL PROTECTION 
(RESPONSIBLE TO THE ON ENV TAL QUALITY) AGENCY 


EPA-335 








If you do not desire to continue receiving this publication, please CHECK HERE [1]; 
cut off this label and return it to the above address. Your name will be removed 
from the mailing list. 











ell awa 


— a are 
eee aan 


nn nn es 
ee NTO ET 


ciaiaaind 
all 
st 


eal 





